Carbamazepine is frequently administrated to alcohol addict patients. The aim of this study was to evaluate the influence of alcohol addiction on carbamazepine pharmacokinetics and severity of drug intoxication. The total of 158 carbamazepine intoxicated patients participated in the study (76 non-alcohol-dependent, and 82 alcohol-dependent subjects). The results of the study indicate that the level of unconsciousness depends on carbamazepine concentration. The frequency of anticholinergic toxidrome was higher in alcohol-dependent patients (88.6% -alcohol-abused subjects, and 78.3% -alcoholics in abstinency) comparing to non-alcoholdependent epileptics (67.1%). The average biological half-life of carbamazepine in non-addicted epileptics was 41.5 h, 43.5 h for alcohol-dependent patients during abstinency, and 38.6 in abused patients. It may be concluded that ethanol doesn't influence the pharmacokinetic and pharmacodynamic of carbamazepine in acute drug intoxication.
Introduction
Carbamazepine, apart from many therapeutic applications, especially to control generalized tonic-clonic seizures and partial seizures in children and adults, is broadly applied in the detoxification therapy for alcohol-dependent patients and in the treatment of withdrawal syndrome [15, 23] , and it is an alternative to benzodiazepines [2] . Its application in the withdrawal syndrome is related to the anti-convulsant, anxiety-relieving, sedative, and mood-stabilizing action [9] .
Although on the basis of the experiences gained so far, the intoxication resulting from the overdose of carbamazepine alone rarely constitutes a life threat, however, it is a problem due to the frequency of the phenomenon. The mixed intoxications with carbamazepine and ethanol are particularly dangerous from the toxicological point of view.
During intoxication, the absorption of carbamazepine from the gastrointestinal tract is slowed down even up to 72 h, which may be a consequence of its poor water solubility and a weaker bowel movement related to its anticholinergic action [3] .
As a result of carbamazepine biotransformation, more than 30 metabolites are produced, including 10,11-epoxide, an active metabolite [10] . For clinical purpose, carbamazepine can be measured in saliva and genotype has no effect on its secretion to saliva [6] .
The simultaneous administration of carbamazepine with other drugs or after the consumption of alcohol may lead to interactions which may have dangerous effects. This problem is particularly important among alcohol-dependent patients. Because the medical use of carbamazepine among the alcohol addicted is very frequent, a great risk of occurrence of such interactions exist.
The aim of this paper was to evaluate the impact of alcohol acute intoxication and alcohol abuse on the course of carbamazepine intoxication in patients with epilepsy.
Materials and Methods
The total of 158 patients treated at the Toxicology Clinic of the Jagiellonian University in Kraków, Poland participated in the study. All patients were divided into three groups. Group I -patients intoxicated with carbamazepine and non-alcohol-dependent, groups II and III included alcohol-dependent patients, who overdosed carbamazepine. Patients from group II were abstinent and in group III alcohol was detected in blood at the admission to the clinic (Tab. 1). The cause of carbamazepine overdosing (accidental or attendants to commit suicide) were not established.
All medical procedures in this study were carried out in concordance with ethical standards and the Helsinki Declaration (1975 with revision of 2000).
Patients and procedures
At the admission to the hospital, a standardized medical history and general physical examination were performed and additionally a standard resting electrocardiogram was recorded. The level of consciousness disturbances was assessed on the basis of the Matthew-Lawson Coma Scale.
After regaining the consciousness, the psychological examination with the application of the SelfAdministered Alcohol Screening Test (SAAST) [19] was carried out in all patients.
At the moment of admission to the hospital, a blood sample was collected in order to estimate the activity of selected enzymes and concentrations of sodium (Synchrone CX7 analyzer, Beckman Co.), ethanol and carbamazepine (AxSYME, Abbott Co.). The collected samples of urine were used to perform a standard toxicological analysis for various drugs in urine (amphetamine derivatives, cannabinols, benzodiazepines, barbiturates and phenytoin), and determination of carbamazepine in serum and ethanol in whole blood was performed. Carbamazepine was additionally determined in serum samples collected 2-6 times during hospitalization.
All patients with known enzyme inducers, (e.g. barbiturates, phenytoin), and drugs impacting their clinical condition (e.g., benzodiazepies) detected in urine were excluded from the study.
Statistical and pharmacokinetic calculations
The results were assessed by the variance analysis method. Correlations between the respective variables were indicated on the basis of Spearman coefficient. The pharmacokinetic calculations were carried out by the statistical moment's analysis. Group I non-alcohol-dependent epileptics with carbamazepine intoxication. Group II alcohol-dependent epileptics with carbamazepine intoxication (abstinent at the admission to the hospital).Group III alcohol-dependent epileptics with carbamazepine intoxication (abused at the admission to the hospital)
Results
The age of the patients in group I was lower compared with patients in two other groups. The gender structure was statistically different (Tab. 1).
General medical examination
The arterial systolic and diastolic blood pressure (Tab.
2) was statistically significantly lower in the group of non-alcohol-dependent subjects than in both groups of alcohol-dependent patients. The heart rate was higher in the group of alcoholdependent patients regardless of the presence of alcohol in blood tests in comparison with the group of non-addicts (Tab. 2). The concentration of carbamazepine had no impact on the heart rate.
In the electrocardiograms of the subjects who were not alcohol-dependent, no abnormalities were found except for the disturbances in the intraventricular conductivity in three patients (rSr in V1). The sinus rate acceleration was observed in 18% of the studied group. In one case, supraventricular tachycardia was recorded. Among alcohol addicts, a block of the left bundle branch was observed, and among three of them -rSr' in V1 was recorded. The non-specific abnormalities of ST-T were present in six patients. In one case, the sinusal bradycardia 55/min occurred. The supraventricular tachycardia was recorded in two patients. The sinus rate acceleration was present in almost 30% of the studied group.
Laboratory tests
The mean value of activity of AlAT in all studied groups was below upper limit of reference value (40 U/l). On the other hand, the activity of AspAT was higher than reference value (40 U/l) in both groups of addicted patients and statistically higher comparing with non-alcohol-dependent patients (Tab. 2). The mean values of concentration of sodium in plasma were in the normal range (135-145 mM/l) and did not differ between studied groups (data not shown). Group I non-alcohol-dependent epileptics with carbamazepine intoxication. Group II alcohol-dependent epileptics with carbamazepine intoxication (abstinent at the admission to the hospital). Group III alcohol-dependent epileptics with carbamazepine intoxication (abused at the admission to the hospital). Data are the mean ± SD, number of patients is presented in Group I non-alcohol-dependent epileptics with carbamazepine intoxication. Group II alcohol-dependent epileptics with carbamazepine intoxication (abstinent at the admission to the hospital). Group III alcohol-dependent epileptics with carbamazepine intoxication (abused at the admission to the hospital). Data are the mean ± SD, number of patients is presented in Table 1 Toxicological tests
The mean doses of carbamazepine used by patients, established on the basis of a medical interview, were similar in all study groups (Tab. 3). The largest group was formed by patients who took an intoxicating dose below 10 grams of carbamazepine (81.82% in group I; 68,57% in group II and 73,91% in group III). Also, the time that expired from the moment of drug administration to the moment of admission to the hospital did not differ between the studied groups (Tab. 3).
The toxicological tests demonstrated that the mean of maximum concentration of carbamazepine in studied groups ranged from 29.5 to 34.7 mg/l. Despite the highest concentration of carbamazepine in the group of abused patients, the differences in drug concentration in comparison to the remaining groups were not statistically significant.
The statistical analysis indicates that there is a relationship between the maximal carbamazepine concentration and the dose of the drug taken by the patient.
Within the group of patients admitted to the hospital and intoxicated with alcohol, the concentrations of alcohol ranged from 0.5 to 3.0 g/l, but in almost 50% of cases, the concentration of ethanol ranged from 1.1 to 2.0 g/l, and the mean concentration of alcohol was 1.4 ± 0.8 g/l.
It was not demonstrated that the differences in duration of hospitalization within the respective groups were statistically significant (Tab. 3), however, the time of hospitalization depended on concentration of carbamazepine, and when the concentration was higher than 30 mg/l, the time of hospitalization was longer than 7 days.
A parameter proving the severity of intoxication evaluated in the conducted tests was the degree of coma. The distribution of the degrees of coma in the studied groups in the first day of hospitalization is presented in Table 2 .
During the subsequent days, the degree of coma in the studied subiects was lowered and in the second day the number of patients with the consciousness disturbance lowered to 105 persons. On the fifth day, the number of patients with consciousness disturbance decreased to about 5%.
The degree of consciousness disturbance at the first day of hospitalization correlated with the concentration of carbamazepine in blood and the Spearman's coefficients of correlation for the first, second and third studied groups were 0.5399, 0.5817 and 0.6982, respectively, and were statistically significant (p < 0.05) (Fig. 1) .
With regard to the percentage, the cholinolytic syndrome occurred most frequently within the group of alcohol-dependent persons and intoxicated with it (88.5%). More seldom (78.4%), this syndrome was observed in the group of addicts, in whose case, no presence of alcohol was detected, whereas in the group of non-addicts, occurred only in 67.11% (Tab. 2). The frequency of occurrence of the cholinolytic syndrome depended on the concentration of carbamazepine. In the case of 35 out of 158 patients, the intesity of the symptoms of cholinolytic syndrome caused the necessity of administering physostigmine salicylate (Tab. 2). The necessity for its administration did not occur more often within the group of alcohol-dependent persons comparing to the group of non-addicted patients.
The symptoms of respiratory insufficiency observed among patients were indication for intubations and mechanical ventilation in 2.3% of patients in group I, 3.5% in group II and 1.4% in group III. The mean time of mechanical ventilation was three days in the first group, two days in the second group and as much as five days in the third group.
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Wojciech Piekoszewski et al. Fig. 1 . Relationship between carbamazepine concentration and score in Matthew-Lawson coma scale. Group I epileptics nonalcohol dependent with carbamazepine intoxication. Group II alcohol-dependent epileptics intoxicated with carbamazepine (abstinent at the admission to the hospital). Group III alcoholdependent epileptics with carbamazepine intoxication (abused at the admission to the hospital). Data presented are the mean ± SD, number of patients is presented in Table 1 Pharmacokinetic analysis
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The obtained results prove that the majority of patients came to the clinic after complete absorption of the drug. Within the group of non-addicted persons, this amounted to 100%, whereas in group II of alcohol addicts, who were not intoxicated with it, the absorption process was not completed in 9.21% of patients, and in group III, it was 24.44%. The basic pharmacokinetic parameters are presented in Table 3 .
Psychological test
The alcohol dependence was diagnosed basing on ICD-10 criteria and additionally it was evaluated with the SAAST test. The differences between scores achieved by alcohol-dependent subjects (21.3 ± 4.46) and non-dependent persons (2.31 ± 2.8) were statistically significant.
Discussion
It is a well-known fact that carbamazepine increases its own metabolism [8, 18] . Therefore, a long period (at least one year) of carbamazepine administration was a condition for qualifying a patient to the study group. On the basis of the medical history, it was found that the mean time from drug administration in the groups studied was similar and ranged between 6.0-7.2 h, with the mean estimated dose of carbamazepine 8.3-9.6 g. The mean maximum concentrations of carbamazepine within the studied groups were 30.2 ± 10.9 mg/l in group I, 34.7 ± 11.8 mg/l in group II and 29.5 ± 12.4 mg/l in group III. In many of cases the carbamazepine concentrations were within the toxic range (20-40 mg/l).
In this study, no impact of age on the elimination and toxicity of carbamazepine were confirmed as suggested in some papers. This can be explained by the fact that only adults participated in the study, whereas the suggested differences typically can be seen between adults, children and older persons [7] .
The sinusal tachycardia occurring in carbamazepine intoxications is a frequent symptom reported in the literature, as a result of the vagolytic action of carbamazepine [16] . Evaluating the heart rate within the studied groups, it was observed that it was higher within the group of alcohol-dependent persons, and the differences were statistically significant. This may result from a direct toxic impact of alcohol on the myocardium, secondary electrolytic disorders, and the presence of cardiotoxic acetic aldehyde [14, 21] . Statistically significant differences in the values of the arterial blood pressure were also observed within the studied groups. The described impact of carbamazepine on the cardiovascular system indicates a possibility of occurrence of both hypotension and hypertension [13, 17] . The statistical analysis demonstrated that both the systolic and diastolic pressure were significantly higher in the group of alcoholdependent persons. As noticed by Bannan et al., the systolic and diastolic arterial blood pressure is related to the seriousness of withdrawal syndrome [1] .
The rhythm and conductivity disorders resulting from the cardiotoxic action of carbamazepine occur fairly seldom. Within the studied group, this type of carbamazepine action was not observed. The lack of such disorders in this study may result from the fact that high concentrations of carbamazepine in the studied patients exceeding 50 mg/l occurred rarely, whereas heart disorders described in the literature show high concentrations of carbamazepine exceeding these values [20] .
The consciousness disturbance within the studied groups of patients during admitting to the hospital was observed in 81.1% of persons in the group of non-addicts, 88.6% of sober alcohol-dependent patients and 76.6% of drunk alcohol-dependent persons poisoned by carbamazepine. The intensity of consciousness disturbance correlated with the carbamazepine concentration in blood. The correlation between the degree of coma and the level of carbamazepine in blood confirmed the results of Feldman et al. [4] .
The cases of liver damage as a result of toxic carbamazepine action are described in the literature. In the studied groups, the mean values of AlAT activity were in the range of the reference value. The activity of AspAT, was above reference value in both groups of alcohol-dependent patients, but not in non-alcohol dependend patients with carbamazepine intoxication.
Both carbamazepine and alcohol may cause symptoms of cholinolytic toxidrome [10] . However, the cholinolytic toxidrome occurred most often within the group of addicted persons, who were intoxicated with alcohol. The statistical analysis demonstrated a good
